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(54) Process for imaging of photoresist 

(57) A lithographic imaging process is provided 
for use in the manufacture of integrated cir- 
cuits. A substrate is coated with a polymeric film 
comprising a vinyl polymer, a photosensitive 
acid generator, and acid labile groups. It is then 
heated to typically just above the glass transi- 
tion temperature of the polymer, but below the 
cleavage temperature of the acid labile groups. 
The film is then expose imagewise to radiation 
to generate free acid, and the film is once more 
heated, again to typically just above the glass 
transition temperature of the polymer, but be- 
low the cleavage temperature of the acid labile 
groups. Finally the image is developed. The 
process provides protection to the photoresist 
film from airborne chemical contaminants. 
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The present invention relates to a lithographic im- 
aging process for use in the manufacture of integrated 
circuits and the like. 

Presently there is a desire in the industry for high- 
er circuit density in microelectronic devices which are 
made using lithographic techniques. One method of 
increasing the number of components per chip is to 
decrease the minimum feature size on the chip, which 
requires higher lithographic resolution. There is a goal 
in industry to reduce feature size to 0.25 microns. The 
use of shorter wavelength radiation (e.g. deep UV 
e.g. 190 to 315 nm) than the currently employed mid- 
UV spectral range (e.g. 350 nm to 450 nm) offers the 
potential for this higher resolution. However, with 
deep UV radiation, fewer photons are transferred for 
the same energy dose and higher exposure doses are 
required to achieve the same desired photochemical 
response. Further, current lithographic tools have 
greatly attenuated output in the deep UV spectral re- 
gion. 

In order to improve resolution, Deckman et al. 
U.S. Patent 4,608,281 (issued 8/26/86) discloses the 
use of an electron beam exposure tool. Poly (methyl 
methacrylate) (PMMA) which undergoes main chain 
scission upon e-beam exposure is used as the resist 
material. After exposure the degraded polymer is re- 
moved with solvent to develop the image. Deckman 
teaches pre-exposure baking of the polymeric resist 
above its glass transition temperature (Tg) to remove 
solvent and improve resolution. Brault et al. U.S. Pa- 
tent 4,777,119 (issued 10/11/88) also discloses pre- 
exposure baking of PMMA resist above its Tg to cross- 
link the polymer to improve its lithographic perfor- 
mance. Unfortunately, the lithographic mechanism of 
Deckman and Brault of main chain scission polymer 
degradation requires high exposure doses of radia- 
tion and is not suitable for manufacturing processes. 

In order to improve the sensitivity of a resist for 
use in the deep UV, Ito et al. developed an acid cat- 
alyzed chemically amplified resist which is disclosed 
in U.S. Patent 4,491, 628 (1/1/85). The resist compris- 
es a photosensitive acid generator and an acid sen- 
sitive polymer. The polymer comprises side chain 
(pendant) groups which are bonded to the polymer 
backbone and are reactive towards a proton. Upon 
imagewise exposure to radiation, the photoacid gen- 
erator produces a proton. The resist film is heated 
and, the proton causes catalytic cleavage of the pen- 
dant group from the polymer backbone. The proton is 
not consumed in the cleavage reaction and catalyzes 
additional cleavage reactions thereby chemically am- 
plifying the photochemical response of the resist. The 
cleaved polymer is soluble in polar developers such 
as alcohol and aqueous base while the unexposed 
polymer is soluble in nonpolar organic solvents such 
as anisole. Thus the resist can produce positive or 
negative images of the mask depending of the selec- 
tion of the developer solvent. 



Nalamasu et al., "An Overview of Resist Process- 
ing for Deep-UV Lithography", J. Photopolym. Sci. 
Technol. 4, 299 (1991) also discloses a chemically 
amplified resist composition comprising a photoacid 
5 generator and poly(t-butoxycarbonyloxystyrene sul- 
fone). 

Schlegel et al., "Determination of Acid Diffusion 
in Chemical Amplification Positive Deep Ultraviolet 
Resist", J. Vac. Sci. Technol. 278 March/ April 1991 

10 discloses a chemically amplified resist comprising a 
photoacid generator and a chemically amplified dis- 
solution inhibitor p-tetrahydropyranyl protected poly- 
vinylphenol disposed in novolac resin. Schlegel 
teaches using a high pre-exposure bake temperature 

15 in combination with a low post-exposure bake tem- 
perature. However, due to the high absorbance of the 
novolac resin in the deep UV, such a composition is 
unsuitable for use in semiconductor manufacturing in 
the deep UV. 

20 Further, because of the catalytic nature of the im- 

aging mechanisms, these chemically amplified resist 
systems are sensitive toward minute amounts of air- 
borne chemical contaminants such as basic organic 
substances. These substances degrade the resulting 

25 developed image in the resist film and cause a loss 
of the linewidth control of the developed image. This 
problem is exaggerated in a manufacturing process 
where there is an extended and variable period of 
time between applying the film to the substrate and 

30 development of the image. In order to protect the re- 
sist from such airborne contaminants, the air sur- 
rounding the coated film is carefully filtered to remove 
such substances. Alternatively, the resist film is over- 
coated with a protective polymer layer. However, 

35 these are cumbersome processes. There still is a 
need in the art for a process for imaging chemically 
amplified resists for use in semiconductor manufac- 
turing. 

Accordingly, the invention provides a process for 

40 generating a resist image on substrate comprising the 
steps of: a) coating the substrate with a polymeric film 
comprising (i) a vinyl polymer (ii) a photosensitive acid 
generator, and (iii) acid labile groups; b) heating the 
film to a temperature which is (i) above about 30°C be- 

45 low the glass transition temperature of the polymer 
and (ii) below the cleavage temperature of the acid 
labile groups; c) imagewise exposing the film to radi- 
ation to generate free acid; d) heating the film; and e) 
developing the image. 

so The process for generating a resist image on sub- 

strate therefore comprises five main steps. The first 
step involves coating the substrate with (i) a vinyl 
polymer (ii) a photosensitive acid generator, and (iii) 
acid labile groups. In one embodiment, the acid labile 

55 groups are pendant from the polymer backbone. In 
another embodiment, the acid labile groups are on a 
molecule disposed in the polymer. Upon exposure to 
acid, the acid labile groups undergo a polarity change 
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which results in dissolution differentiation. The sec- 
ond step involves heating the film to an elevated tem- 
perature, preferably at or above the glass transition 
temperature of the polymer, and below the tempera- 
ture which causes thermally activated polarity 
change in the acid labile group. The third step in- 
volves imagewise exposing the film to radiation to 
generate free acid. In the fourth step, the film is heat- 
ed to an elevated temperature, preferably at least 
above about 11 0°C. The acid generated from the pho- 
tosensitive acid generator converts the acid labile 
groups to polar groups which alter the solubility of the 
polymer in the exposed area of the film. The last step 
of the process involves developing the image with 
standard techniques such as solvent development. 

The key features of the process are the second 
and fourth steps. The second step involves post ap- 
ply, pre-exposure heating to an elevated temperature, 
preferably to a temperature which is at or above the 
glass transition temperature (Tg) of the polymer and 
below the temperature which causes thermally acti- 
vated polarity change of the acid labile group. The 
fourth step involves post-exposure heating of the film 
to a high temperature. The combination of the pre-ex- 
posure heating step and the post-exposure heating 
step provides unexpected protection of the resist film 
from airborne chemical contaminants during the proc- 
ess for generating a resist image on the substrate and 
also provides developed images with high constrast 
and high resolution. 

Preferably the polymer is a copolymer comprised 
of a hydroxystyrene monomer and a monomer having 
an acid labile group. Preferably, the acid labile group 
is an acid cleavable group, preferably an acid cleav- 
able ester group. 

Using the resist image generated on a substrate 
according to the above process, an integrated circuit 
can be produced by forming a circuit in the developed 
film on the substrate in accordance with the resist im- 
age. 

A detailed description of various process accord- 
ing to the invention will now be described by way of 
example, with reference to the accompanying draw- 
ings in which Figures 1-3 are scanning electron micro- 
graphs of resist images. 

The first step of the process involves coating on 
a substrate a polymeric film comprising a vinyl poly- 
mer, a photosensitive acid generator and acid labile 
groups. In one embodiment, the acid labile groups are 
pendant from the vinyl polymer backbone. In another 
embodiment, the acid labile groups are on a molecule 
disposed in a base soluble vinyl polymer. 

The polymer in the film is a vinyl polymer. The vi- 
nyl polymer is a polymer derived from vinyl monomer. 
The vinyl polymer can be a homopolymer, a copoly- 
mer or terpolymer. The vinyl polymer will generally 
have a number average molecular weight of about 
5000 to about 50,000 and preferably be transparent 



in the deep U.V. suitably at least 30% transmission 
micrometer at 248 nm preferably at least 50% trans- 
mission/micrometer at 248 nm and more preferably at 
least 65% transmission/micrometer. Suitable base 

5 soluble vinyl polymers are poly(hydroxystyrene), 
poly(vinytbenzoic acid), poly(acrylic acid), 
poly(methacrylic acid), polymaleimide and copoly- 
mers thereof. 

In one embodiment, the polymer comprises acid 

10 labile groups pendant from the vinyl polymer back- 
bone. The acid labile groups inhibit the dissolution of 
the polymer in alkaline developer or polar solvent. 
Upon imagewise exposure, the photogenerated acid 
converts the acid labile group from dissolution-inhib- 

15 iting to base-soluble functionality, thereby enabling 
image development of the film. 

Preferred acid labile groups pendant from the vi- 
nyl polymer backbone are acid cleavable groups such 
as acid cleavable ester groups. Upon exposure to 

20 photogenerated acid, the side chain acid cleavable 
groups pendant from the polymer backbone are 
cleaved to form polar recurring units on the polymer 
backbone which are soluble in alkaline developer or - 
polar solvents. ^ - 

25 In a preferred embodiment, the vinyl^ polymer ^ 2- 

comprises (i) a vinyl monomer having a base soluble 
substituent such as a phenolic or carboxylic acid sub- ^ £ 

stituent and (ii) a vinyl monomer having the acid labile . - - * 

group. - 

30 Polymers for use in the process have a glass ^ 

transition temperature lower than the thermal cleav- 
age temperature of the acid labile group. Thermal * * 

cleavage of the acid labile groups results in the for- ' V' 

mation of polar groups. If the film is heated to the 

35 cleavage temperature of the acid labile groups, these cs-v-^ 
groups in the film are converted to polar groups in the "* 
absence of acid or radiation and the film can no longer 
be lithographically developed. Heating the film to 
even higher temperatures can cause thermal main 

40 chain scission (decomposition) of the polymer in the 
film. 

The glass transition temperature (Tg) of the poly- 
mer can be readily determined by art known proce- 
dures such as a differential scanning calorimetry or 

45 dynamic mechanical analysis. The thermal cleavage 
temperature of the acid-labile group of the polymer 
can be determined by thermogravimetric analysis, IR 
spectroscopy, or dissolution analysis. Thermogravi- 
metric analysis involves heating the material at a con- 

so stant rate and recording weight loss. IR spectroscopy 
involves heating several samples and then analyzing 
the IR spectra of the samples to determine the extent 
of thermal cleavage of the acid labile group. Dissolu- 
tion analysis involves heating several films at various 

55 temperatures and then determining reduction in film 
thickness after development. 

Preferred acid labile group are acid cleavable 
groups. The preferred acid cleavable groups are t-bu- 

3 
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tyl and a-methylbenzyl esters of carboxylic acids and 
t-butylcarbonates of phenols. Other suitable acid lab- 
ile groups include tetrahydropyranyl or furanyl ether, 
trimethylstlyl or t-butyl(dimethyl)silyl ether, and t-bu- 
toxycarbonylmethyl ether of phenol. However, it is un- 5 
derstood that a wide range of acid labile groups are 
operative in the present process such as those dis- 
closed in Ito et al. U.S. Patent 4,491,628. Brunsvold 
etal., U. S. Patents 4,931, 379 and 4,939,070 disclose 
suitable thermally stable acid labile groups and asso- 10 
ciated polymer resists. The presence of acidic groups 
such as phenols or carboxylic acid groups in the film 
tends to thermally destabilize the acid labile group to- 
ward thermal cleavage. Certain acid labile groups 
may be unsuitable in the presence of phenolic or car- is 
boxylic acid groups due to their thermal and/or hy- 
drolytic instability. 

A variety of vinyl polymers and copolymers can 
be used in the process. One suitable vinyl polymer is 
poly(m-t-butoxycarbonyloxystyrene). It can be readily 20 
prepared by standard radical polymerization or ca- 
tionic polymerization in liquid sulfur dioxide of nvt-bu- 
toxycarbonyloxystyrene or by the reaction of poly(m- 
hydroxystyrene) with di-t-butyl dicarbonate. Poly(m- 
t-butoxycarbonyloxystyrene) has a Tg of about 90°C 25 
and an acid labile cleavage temperature of about 
190°C. Copolymers of m-t-butoxycarbonylxystyrene 
may also be used, such as copolymers with hydrox- 
ystyrene, vinylbenzoic acid, acrylic acid and metha- 
cylic acid. 30 

Another suitable polymer is poly(t-butyl p-vinyl- 
benzoate) which has a glass transition temperature of 
about 160°C and an acid labile cleavage temperature 
of about 250°C. Poly(t-butyl-m-vinylbenzoate) is also 
suitable. This polymer can be readily prepared by rad- 35 
ical polymerization or anionic polymerization of t-butyl 
p-vinylbenzoate. The polymer undergoes acid- 
catalyzed deesterification to poly(p-vinylbenzoic 
acid) upon irradiation and postexposure bake, allow- 
ing dual tone imaging depending on the polarity of the 40 
developer solvent. Copolymers of vinyl benzoates are 
also suitable, such as copolymers with hydroxystyr- 
ene, vinylbenzoic acid, acrylic acid and methacrylic 
acid. 

In another embodiment of the process of the 45 
present invention, the vinyl polymer having the acid 
labile group can be blended as a dissolution inhibitor 
with a base soluble vinyl polymer such as poly(m- 
hydroxystyrene) which is generally transparent in the 
deep UV and has a lower Tg than some other base so 
soluble vinyl polymers such as poly(p- 
hydroxystyrene). The acid catalyzed conversion of 
the acid labile group converts the dissolution inhibit- 
ing acid labile group to a base soluble functionality 
thereby enabling image development with aqueous 55 
base. Alternatively, the acid labile group can be at- 
tached to a molecule which is blended with a base 
soluble vinyl polymer. Suitable molecules having the 



acid labile group include t-butyl carbonate of bisphe- 
nol Aand t-butyl ester of cholic acid. The molecule can 
also have an acid generator moiety. 

In one preferred approach the vinyl polymer is a 
copolymer comprising (i) a vinyl monomer having a 
base soluble substituent such as a phenolic or car- 
boxylic acid substituent and (ii) a vinyl monomer hav- 
ing the acid labile group. The base soluble substituent 
is preferably a phenol and the acid labile group is pre- 
ferably an acid cleavable group, preferably an acid 
cleavable ester group. A preferred copolymer is | 
ferably formed from the reaction of hydroxystyrene 
precurs or monomer and a second monomer having 
an acid cleavaM&group. The hydroxystyrene is suit- 
ably the para^orjneta isomer and can be substituted 
with various substituents which do not interfere with 
the process of resist image formation, such as halo- 
gens, methoxy, or lower alkyl (e.g. methyl or ethyl). 
Hydroxy-a-methylstyrene can also be used. The sec- 
ond monomer is suitably alkyl acrylate or alkyl metha- 
crylate, preferably where the alkyl substituent is a t- 
butyl group or an a-methylbenzyl group. PreferV 
copolymer are meta and para poly(hydroxystyrene- 
co-met h acr yl ate/acr yl ate) . 

The copolymer used can be prepared by standard 
radical copolymerization to yield random copolymers. 
For example, t-butyl methacrylate can be copolymer- 
ized with (i) p-tert-butoxycarbonyloxystyrene with 
subsequent thermal cleavage or mild acidolysis of 
the t-butoxycarbonyl group to form p-hydroxystyr- 
ene/t-butyl methacrylate copolymer or (ii) with p-t-bu- 
tyl(dimethyl)silyloxystyrene with subsequent desily- 
lation with fluoride. Alternatively, and preferably, p- 
acetoxystyrene is copolymerized with t-butyl acrylate 
with subsequent deacylation with mild base (e.g. di- 
methylaminopyridine, ammonium hydroxide, carbon- 
ate or bicarbonate) in preferably an alcohol solvent 
(methanol, ethanol or propanol) to form the hydrox- 
ystyrene/t-butyl acrylate copolymer. Preferably, the 
copolymer contains the hydroxystyrene unit in the 
range of 50 to 90 mol% and has the number-average 
molecular weight (relative to polystyrene standard) 
ranging from 7,000 to 50,000. The glass transition 
temperature of the copolymer of p- hydroxystyrene 
with t-butyl methacrylate or acrylate is about 140°C 
to about 170°C and the acid labile thermal cleavage 
temperature of the copolymer is generally above 
about 180°C. The copolymer can be directly used in 
the resist formulation or can be blended with another 
polymer or small molecule. Blending with polyhydrox- 
ystyrene is particularly useful in adjusting the disso- 
lution rate in aqueous base. 

A variety of photosensitive acid generators can 
be used in the process. Generally, suitable genera- 
tors will be thermally stable (e.g. to a temperature > 
130°C) so they are not degraded during the preex- 
posure heating step. Suitable photosensitive acid 
generators for use in the present invention include tri- 
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arylsulfonium triflate or hexafluoroantimonate, nitro- 
benzyl tosylate (for lower temperature pre-exposure 
heating step), diaryliodonium metal halides, and cer- 
tain non-ionic acid generators such as tris(sulfonate) 
of pyrogallol, and N-sulfonyioxynaphthalimides. Pre- 5 
ferred are triphenylsulfonium triflate and N-sulfony- 
loxynaphthalimide generators such as N-camphor- 
sulfonyloxynaphthalimide or N-pentafluorobenzene- 
sulfonyloxynaphthalimide. 

The first step of the process involves coating the w 
substrate with a film comprising the polymer, a pho- 
tosensitive acid generator and acid labile groups all 
dissolved in a suitable solvent. Suitable substrates 
are comprised of silicon, ceramics, polymer or the 
like. Suitable organic casting solvents include methyl 15 
cellosolve acetate, cyclohexanone, propylene glycol 
monomethyl ether acetate, and the like. The film will 
preferably comprise about 80 to about 99.5 weight % 
of the polymer and about 20 to about 0.5 weight % of 
the photoacid generator both dissolved in the organic 20 
solvent. Optionally, the film can contain additives 
such as plasticizers to lower the Tg of the polymer 
and also polymers and small molecules to adjust the 
films dissolution rate, etch resistance, optical density, 
radiation sensitivity, adhesion and the like. The film 25 
can be coated on the substrate using art known tech- 
niques such as spin or spray coating, doctor blading 
or electrodeposition. 

In the second step of the process the film is heat- 
ed at generally atmospheric pressure to an elevated 30 
temperature which is below the acid labile thermal 
cleavage temperature and which is defined by the 
glass transition temperature (Tg in centigrade) of the 
polymer. In one embodiment, the film is heated to an 
elevated temperature which is below the acid labile 35 
thermal cleavage temperature and which is high 
enough to be at least above about 30 centigrade de- 
grees below the glass transition temperature of the 
polymer. Preferably the film is heated to a tempera- 
ture which is high enough to be at least about (poly- 40 
mer Tg-20°C) to obtain greater protection. More pre- 
ferably, to obtain greater protection, the film is heated 
to a temperature which is at or above the glass tran- 
sition temperature of the polymer (e.g. within 1 0°C of 
Tg) and below the acid labile thermal cleavage tern- 45 
perature. Most preferably, the film is heated above 
the Tg of the vinyl polymer. Preferably the tempera- 
ture is at least 10°C below the thermal cleavage tem- 
perature of the acid labile group to avoid any cleavage 
of the acid labile groups. The cleavage of the acid lab- so 
ile groups in the pre-exposure bake step will result in 
degradation of any image subsequently formed in 
that film. The heating does not cause crossl inking of 
the polymer. The heating is continued for a short time 
of at least about 1 0 to 1 5 seconds (preferably a mini- 55 
mum of about 30 seconds) to about 1 5 minutes. The 
heating step occurs prior to exposure of the film to ra- 
diation. The pre-exposure heating step in combina- 



tion with the post-exposure heating step surprisingly 
functions to protect the film and undeveloped image 
formed in the film after exposure from airborne chem- 
ical contaminants during the extended and variable 
pre-and post-exposure period prior to the develop- 
ment of the image in the film and also provides de- 
veloped images with high constrast and high resolu- 
tion. 

In the third step of the process, the film is image- 
wise exposed to a low dose of radiation suitably elec- 
tromagnetic or electron beam radiation preferably 
electromagnetic, preferably deep ultraviolet or x-ray 
more preferably deep ultraviolet radiation at a wave- 
length of about 190 to 315 nm more preferably at a 
wavelength of about 248 nm. Suitable radiation 
sources include mercury, mercury/xenon, and xenon 
lamps, excimer laser, electron beam or x-ray. Gener- 
ally the deep U. V. exposure dose is less than 1 00 mil- 
lijoule/cm 2 preferably less than 50 millijoule/cm 2 . 
Generally, the exposure of the film is at ambient tem- 
perature. In the exposed areas of the film, photosen- 
sitive acid generator produces free acid. Because the 
radiation dose is so low, there is essentially negligible 
radiation induced cleavage of the acid labile group 
and negligible radiation induced main chain;scission 
decomposition of the polymer. The free acid causes 
acid catalyzed cleavage of the acid labile groups in 
the exposed area. The cleavage of the acid labile 
groups alters the dissolution rate of the polymer and 
the differential solubility between the exposed and 
unexposed areas of the film enable development of 
the image in the film. 

After the film has been exposed to radiation, it is 
heated again to an elevated temperature, preferably 
at least about 110° to about 160°C, preferably 120°C 
to about 160°C and more preferably about 130°C to 
about 160°C for a short period of time of about 30 to 
300 seconds. In some cases, the film is heated to a 
temperature which is at or above the Tg of the vinyl 
polymer and below the cleavage temperature of the 
acid labile group. The elevated temperature functions 
in part to enhance the acid catalyzed cleavage of the 
acid labile pendant group. However, this high temper- 
ature post-exposure baking in combination with the 
pre-exposure heating step surprisingly functions to 
protect the film and undeveloped image formed in the 
film after exposure from airborne chemical contami- 
nants during the extended and variable pre- and post- 
exposure period prior to the development of the im- 
age in the film and also provides developed images 
with high contrast and high resolution. 

The last step of the process involves develop- 
ment of image in the film. Suitable development tech- 
niques are known to those skilled in the art. Prefer- 
ably, the image is solvent developed preferably in an 
aqueous base solvent for environmental improve- 
ment, preferably an aqueous base solvent without 
metal ions such as aqueous tetraalkyl ammonium hy- 
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droxide. Preferably the image is a positive tone. The 
image in the film has high resolution and straight side 
walls without defects caused by extended exposure 
to airborne chemical contaminants. 

The substrate containing the resist image can be - 
used in the manufacture of an integrated circuit, such 
as a circuit chip or semiconductor device. After the 
substrate has been exposed by development, circuit 
patterns can be formed in the exposed areas by coat- 
ing the substrate with a conductive material such as 
conductive metals by art known techniques such as 
evaporation, sputtering, chemical vapor deposition or 
laser induced deposition. Dielectric materials may 
also be deposited by similar means during the proc- 
ess of making circuits. Inorganic ions such as boron, 
phosphorous or arsenic can be implanted in the sub- 
strate in the process for making p or n doped circuit 
transistors. Other means for forming circuits will be 
known by those skilled in the art. 

The following examples are detailed descriptions 
of various methods of preparation of certain chemi- 
cals, and also of resist image formation in accordance 
with the invention: 

Example I. Synthesis of m-t-Butoxycarbonyloxy- 
styrene 

m-Hydroxybenzaldehyde (819 mmol, 100.0 g) 
was placed in a 5 L 3-necked round bottom flask 
equipped with a mechanical stirrer and an argon gas 
inlet, to which was added THF (4.5 L). Potassium t- 
butoxide (834 mmol, 93.7 g) was slowly added to the 
solution over 3 min. After 15 min, di-t-butyl dicarbon- 
ate (834 mmol, 1 82.3 g) was added over 1 5 min. After 
2.5 hr at room temperature the reaction mixture was 
poured into 4 Lof water and the product was extracted 
with 2 Lof a mixture of hexanes and ether (1:1). The 
organic layers were combined, washed with saturat- 
ed NaCI (2 L), saturated NaHC0 3 (1 L), and H 2 0 (2 
L), and dried over MgS0 4 (ca. 100 g). The organic 
phase was filtered and condensed to give m-(t-butox- 
ycarbonyloxy)benzaldehyde (792 mmol, 176 g) in 
97% crude yield. Methyl(triphenyl)phosphonium bro- 
mide (848 mmol, 303 g) was placed in a 2 L 3-necked 
round bottom flask containing 1.5 L of THF. The mix- 
ture was cooled to 0°C under nitrogen and potassium 
t-butoxide (830 mmol, 93.1 g) was added slowly to the 
mixture over 10 min. m-(t-Butoxycarbonyloxy)benzal- 
dehyde (792 mmol, 1 76 g) was added and the mixture 
was stirred for another 6 h, upon which the solvent 
was removed on a rotary evaporator and hexanes 
(1.5 L) added. The mixture was stirred for 2 h and fil- 
tered through a small bed of silica. The hexane layer 
was concentrated to give 120 g of the crude product. 
Purification by column chromatography gave 85 g of 
pure m-(t-butoxycarbonyloxy)styrene (47% yield 
based on m-hydroxybenzaldehyde). 



Example II. Synthesis of Po I y(m-t-bu toxy carbon yl- 
oxystyrene) 

m-(t-Butoxycarbonyloxy)styrene (227 mmol, 

5 50.0 g) was placed in a 500 mL round bottom flask 
and dissolved in 1 50 g of toluene (distilled from CaH 2 ), 
to which was added 1 mol% of benzoyl peroxide (0.55 
g, 2.27 mmol). The flask was capped with an air-tight 
condenser and a gas adapter attached to an argon 

10 gas line. After degassing, the content was heated at 
60°C for 46 h under argon atmosphere. The polymer- 
ization mixture was diluted with 200 mL of dichloro- 
methane and poured into 4 L of methanol with vigor- 
ous stirring. The polymer was isolated by filtration, 

15 washed with 400 mL of methanol, and dried at 35°C 
under vacuum for 48 h, providing 71.8% conversion. 
The number- average and weight-average molecular 
weights of the polymer as determined by GPC (gel 
permeation chromatography) were 79,000 and 

20 238,000, respectively. The glass transition tempera- 
ture was 90°C. The weight-average molecular weight 
of the polymer was controlled by changing the initiator 
concentration and the solvent concentration and 
ranged from 20,800 to 238,000. 

25 

Example III. Synthesis of Copolymer of m-t-utoxy- 
carfoonyloxystyrene with m-Hydroxystyrene 

A powder of poly[(m-t-butoxycarbonyloxy)styrene] 

30 was heated at 180°C for 1 hr and converted to poly(m- 
hydroxystyrene) quantitatively. The deprotection was 
also achieved by treating the polymer with acid in sol- 
ution (e.g. refluxing glacial acetic acid). 

Poly(m-hydroxystyrene) (3.0 g) thus obtained 

35 and N,N-dimethylaminopyridine (0.03 g) were dis- 
solved in 40 mL of acetone, to which was added drop- 
wise a solution of di-t-butyl dicarbonate (0.005 g) in 
30 mL of acetone. After stirring at room temperature 
for 6 hr, glacial acetic acid (0.062 g) dissolved in 5 mL 

40 of acetone was added dropwise to the reaction mix- 
ture over 30 min. The solution was slowly poured into 
750 mL of water with vigorous stirring to precipitate 
the copolymer of m-hydroxystyrene with m-t-butoxy- 
carbonyloxystyrene. The copolymer was recovered 

45 by filtration, washed with water, and briefly dried. The 
copolymer was then dissolved in 50 mL of acetone 
and the solvent was removed on a rotary evaporator 
at40°C. The process was repeated several times and 
the copolymer (2.85 g) was finally dried in a vacuum 

so oven. The copolymer contained 20 mole% of the m- 
t-butoxycarbonyloxystyrene unit. Copolymers with 
different compositions were also prepared in a similar 
fashion by adjusting the ratio of di-t-butyl dicarbonate 
to poly(m-hydroxystyrene). 

55 
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Example IV. Synthesis of Copolymer of t- Butyl 
Meth aery late with m-Hydroxystyrene via Copoly- 
merization and Solid-State thermolysis 

t-Butyl methacrylate (1.77 g, 12.5 mmol) and m- 5 
t-butoxycarbonyloxystyrene (8.23 g, 37.4 mmol) were 
dissolved in 25 ml_ of tetrahydrofuran, to which was 
added 400 mg of benzoyl peroxide. After degassing, 
the mixture was heated at 60°C for 24 nr. The result- 
ing mixture was diluted with dichloromethane and 10 
slowly poured into 4 L of a mixture of methanol and 
water (10:1) with vigorous stirring to precipitate the 
copolymer (7.36 g). The polymer isolated by filtration, 
washed with methanol, and dried had a number-aver- 
age and weight-average molecular weights of 1 8,800 1 5 
and 35,700, respectively. 

The copolymer powder was heated on a Kuegel- 
rohr apparatus at 180°C for 1 hr under vacuum to 
quantitatively yield a m-hydroxystyrene copolymer 
containing 20 mole% of the t-butyl methacrylate unit. 20 

Example V. Synthesis of Copolymer of t-Butyl 
Methacrylate with p-Hydroxystyrene via Copoly- 
merization and Solution Thermolysis 

25 

A 5 L 3-necked flask fitted with a mechanical stir- 
rer, thermometer, and condenser with a gas inlet was 
charged with 430.5 g of p-t-butoxycarbonyoxystyr- 
ene, 69.5 g of t-butyl methacrylate, 18.5 g of benzoyl 
peroxide, and 625 ml_ of toluene. After ten vacuum/ar- 30 
gon purge cycles, the mixture was heated to 60-65°C 
under positive argon pressure. After 18 hr heating 
was removed. The mixture was diluted by adding 1.3 
L of acetone and slowly poured into a mixture of 12.5 
L isopropanol and 3.75 L water with vigorous stirring. 35 
The copolymer was isolated by filtration, rinsed four 
times wit h a mixture of 1 .3 L isopropanol and 0.4 L wa- 
ter, sucked dry, and further dried in a vacuum oven 
at 60°C overnight. The polymer was dissolved in 1.5 
L of acetone, re precipitated in a mixture of 9 L isopro- 40 
panol and 2.75 L of water, filtered, washed twice with 
a mixture of 1.3 L isopropanol and 0.4 L water, and 
sucked dry. Further drying to constant weight in a va- 
cuum oven at 50-55°C afforded 421 g of white poly- 
mer (81 .2% conversion). 45 

The copolymer (27.93 g) was dissolved in 83.0 g 
of propylene glycol monomethyl ether acetate in a 
round bottom flask equipped with a condenser and 
gas inlet The system was deaerated by repeating va- 
cuum/argon purge cycles ten times and left under so 
positive argon pressure. The solution was heated for 
20 hr under gentle reflux to give a 1 7% solution of the 
desired p-hydroxystyrene/t-butyl methacrylate 
(80/20) copolymer, which was directly formulated into 
resist by adding an acid generator. 55 



Example VI. Synthesis of Copolymer of t-Butyl 
Acrylate with p-Hydroxystyrene via Copoly- 
merization and Base Hydrolysis 

A 1 2 L reactor was charged wit h 973. 1 g of p-acet- 
oxystyrene, 512.7 g of t-butyl acrylate, 77.0 g of ben- 
zoyl peroxide, and 2 L of toluene. The reactor was 
purged with nitrogen while the temperature was 
brought to 60°C and then kept under a nitrogen blan- 
ket. After heating at 60°C for 23 hr, heating was re- 
moved and the mixture was diluted with 4 L of tol- 
uene. The solution was slowly poured into 80 L of hep- 
tane containing 4 L of isopropanol to precipitate the 
copolymer, which was isolated by filtration, rinsed 
with heptane, and sucked dry. The polymer was dis- 
solved in 5 L of acetone, precipitated into a mixture of 
70 L of isopropanol and 30 L of water, filtered, rinsed 
with 30 L of a 50/50 mixture of isopropanol and water, 
and sucked dry. Further drying in a vacuum oven at 
50-55°C afforded 1 .0 kg of the copolymer. 

A 12 L reactor was charged with 1.0 kg of the 
above copolymer and 5.5 L of methanol, and then 
purged with nitrogen while slowly heated to 40°C over 
1 hr. While maintaining a nitrogen blanket, 100 mLof 
ammonium hydroxide was added. After 19.5 hr the 
heating was removed, 93.3 ml_ of glacial acetic acid 
added, and the resulting solution poured into 80 L of 
water. The polymer was filtered, rinsed with water, 
sucked dry, and redissolved in 6L of acetone. After 
precipitation into 80 L of water, the polymer was iso- 
lated by filtration, rinsed with water, sucked dry, and 
then placed in a vacuum oven at 50-55°C. The de- 
sired p-hydroxystyrene copolymer containing 35 
mole% of t-butyl acrylate was obtained in 90.7 yield 
(741.5 g). 

Example VII. Lithographic Performance 

Poly meta-(t-butoxycarbonyloxystyrene-cohydroxy- 
styrene) containing 20 mole% of the t-butoxycarbo- 
nyloxystyrene unit (Tg=1 25°C) and 8.0 wt% of trif luor- 
omethanesulfonyloxybicyclo[2.2.1]hept-5-ene-2,3-d 
icarboximide were dissolved in propylene glycol 
monomethyl ether acetate. This resist formulation 
was compared in terms of susceptibility to contamin- 
ation by NMP with the same formulation using the 
para isomer of the polymer. (Tg 166°C) The spin-cast 
resist films were pre-exposure-baked at about 90°C 
for 60 sec, stored for 15 minutes in air doped with 10 
ppb of NMP, patternwise exposed on a Perkin Elmer 
Micralign 500 mirror projection scanner in the UV-2 
mode, post baked at 90°C for 90 sec, and developed 
with Shipley Microposit MF319 (aqueous tetramethy- 
lammonium hydroxide) for 90 sec to obtain positive 
images. As a controls, the resists were processed 
without delay and also stored in carbon filtered air pri- 
or to the scanner exposure. The doses required to 
open 1 (am line/space arrays were 2600 and 3000 
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scan speed for the meta and para versions, respec- 
tively. Figure 1 shows scanning electron micrographs 
of the resist images which reveal that the meta poly- 
mer resist image (film A) was unaffected by the NMP 
treatment whereas the para polymer resist image (im- 
age B) exhibited severe T-top profiles and massive 
skin layers. 

Example VIII. Lithographic Performance 

(Metacrylate/p-hydroxystyrene)copolymer with a 
weight-average molecular weight of 36,100 contain- 
ing 20 mole% of the t-butyl methacrylate unit 
(Tg=166°C) was dissolved together with 2.5 wt% of 
triphenylsuifonium trifluoromethanesulfonate in pro- 
pylene glycol monomethyl ether acetate. Two spin- 
cast resist films were pre-exposure-baked (film A) at 
90°C for 60 sec and (film B) at 180°C for 2 min, ex- 
posed on a Ultratech 248 nm 1x stepper, postexpo- 
sure- baked (film A) at 90°C for 90 sec or (film B) at 
110°C for 2 min, and developed (with Shipley Micro- 
posit MF321 for 60 sec). In Figure 2, there is shown 
scanning electron micrographs of the two films (film 
B) as positive image free of the T-top structure while 
the film A had T-top profiles. 

Example IX. Lithographic Performance 

A copolymer of p-hydroxystyrene with t-butyl ac- 
rylate (65:35 composition, 34,600 weight-average 
molecular weight (Tg 153°C) was mixed with 2.5 wt% 
of N-camphorsulfonyloxynaphthalimide in propylene 
glycol monomethyl ether acetate. Spin-cast films 
were pre-exposure-baked at 150°C for 2 min, ex- 
posed on a GCA KrF excimer laser stepper with 0.42 
NA, allowed to stand for 2 hr, postexposure- baked at 
150°C for 2 min, and developed with MF321 for 60 
sec. In Figure 3 there is shown scanning electron mi- 
crographs of the excellent positive images unaffected 
by NMP including 0.35 jim line/space arrays without 
any line width shift. 



Claims 

1. A process for generating a resist image on sub- 
strate comprising the steps of: 

a) coating the substrate with a polymeric film 
comprising (i) a vinyl polymer (ii) a photosen- 
sitive acid generator, and (iii) acid labile 
groups; 

b) heating the film to a temperature which is 
(i) above about 30°C below the glass transi- 
tion temperature of the polymer and (ii) below 
the cleavage temperature of the acid labile 
groups; 

c) imagewise exposing the film to radiation to 
generate free acid; 



d) heating the film; and 

e) developing the image. 

2. The process of claim 1 comprising heating the 
5 film in step (d) to a temperature above about 

110°C. 

3. The process of claim 2 comprising heating the 
film in step (d) to a temperature above about 

10 120°C. 

4. The process of claim 1 comprising heating the 
film in step (d) to a temperature which is (i) at or 
above the Tg of the vinyl polymer and (ii) below 

15 the cleavage temperature of the acid labile 

group. 

5. The process of any preceding claim comprising 
heating the film in step (b) to a temperature which 

20 is above about 20°C below the glass transition 

temperature of the polymer. 

6. The process of claim 5 comprising heating the 
film in step (b) to a temperature which is at or 

25 above the glass transition temperature of the vi- 

nyl polymer. 

7. The process of claim any preceding claim where- 
in said radiation is deep ultraviolet. 

30 

8. The process of any preceding claim wherein the 
image is developed in aqueous base. 

9. The process of any preceding claim wherein the 
35 image is a positive tone. 

10. The process of any preceding claim wherein said 
acid labile group is an acid cleavable ester group. 

40 11. The process of claim 10 wherein said ester group 
is the t-butyl ester of carboxylic acid. 

1 2. The process of any preceding claim wherein said vi- 
nyl polymer is poly(m-t-butoxycarbonyloxystyrene). 

45 

13. The process of any of claims 1 to 11 wherein said 
vinyl polymer is poly(meta-t-butoxycarbonyloxy- 
styrene-co hydroxystyrene). 

so 14. The process of any of claims 1 to 11 wherein said 
vinyl polymer is comprised of hydroxystyrene and 
a monomer having an acid labile group. 

15. The process of claim 14 wherein said vinyl poly- 
55 mer is comprised of hydroxystyrene and alkyl ac- 

rylate. 

16. The process of claim 14 wherein said vinyl poly- 



45 

13. 



30 
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mer is comprised of hydroxystyrene and alkyl me- 
thacrylate. 

17. The process of claim 15 or 16 wherein said pho- 
tosensitive acid generator is N-sulfonyloxynaph- 5 
thalimide. 

18. A method of manufacturing an integrated circuit 
using a resist image generated on a substrate ac- 
cording to any preceding claim, further compris- 10 
ing the step of forming a circuit in the developed 

film on the substrate in accordance with the re- 
sist image. 
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(54) Process for imaging of photoresist 

(57) A lithographic imaging process is provided for 
use in the manufacture of integrated circuits. A substrate 
is coated with a polymeric film comprising a vinyl poly- 
mer a photosensitive acid generator and acid labile 
groups. It is then heated to typically just above the glass 
transition temperature of the polymer but below the 
cleavage temperature of the acid labile groups. The fifm 



is then expose imagewise to radiation to generate free 
acid, and the film is once more heated, again to typically 
just above the glass transition temperature o\Ahe poly- 
mer, but below the cleavage temperature of the acid la- 
bile groups. Finally the image is developed. The process 
provides protection to the photoresist film from airborne 
chemical contaminants. 
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